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(54) INK JET RECORDING METHOD 
(57)Abstract: 

PROBLEM TO BE SOLVED: To incur no increase in a 
consumption amount of ink and perform stable ejection 
by permitting the recording head to retreat from the 
printing area after a lapse of a predetermined period of 
time from the completion of ejection signals, and allowing 
ink lying in the proximity of a nozzle opening and within 
the pressure generating chamber to eject. 
SOLUTION: The viscosity of ink 12 in the vicinity of a 
nozzle opening rises at a condition where an ejection 
amount of ink is low while recording one line or ejection 
is not carried out utterly. When meniscus is finely 
vibrated by giving it fine vibration signals in these 
conditions, ink 12 with a high viscosity existing 
concentratedly near the nozzle opening is drawn to the 
pressure generating chamber side. Inasmuch as an 
operation of causing ink with a low viscosity lying about 
the nozzle opening to be extruded to the nozzle opening 
side is repeated several times, the viscosity of ink 12 
being in the nozzle opening 2 lowers on average with a 
result that ink droplets are ejected stably. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



I.This document has been translated by comput r. So the translation may not reflect the original 



pr cis ly. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



Claim 1] In the ink-jet record technique which records by being on demand by dnvmg a 
deZlectric transducer using the ink with the remarkable viscosity elevat.cn by vapor,zat,on of 
a vobti" coUonert The process which breathes out and twists an ink drop from nozzfc openmg 
at t ^r^S ^-^rgiUtion. and drives the aforementioned piezoe.ectnc transducer to a 
Sade The ink-jet record technique characterized by having the process wh.ch evacuates a 
Tcord head from a printing area and makes the ink near the nozzle openmg of the pressure 
occurr nee interior of a room breathe out after carrying out fixed t,me progress from a 

Sffin n tS^'r^ technique which records by being on demand by driving a 
^Zlo^X^Ler using the ink with the remarkab.e viscosity •^.^7^ , ] ° f 
a volatile component In the process Which an ink drop is breathed out and tw.stec I [ process ] 
from nozzle opening, and makes a grade carry out the number-of-times drive of the 
afTementoned piezoelectric transducer of fixed whenever it records one Ime and the phase 
7h Sl of tho number of predetermined lines ended The ink-jet record techn.que 
^irLterized by having the process which evacuates a record head from a pnnting area and 
trs Z\l near the nozzle opening of the pressure occurrence intenor of a room breathe 



out. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precis ly. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[ThTLhnical field to which invention belongs] this invention relates to the technique which is 
Lde to breathe out an ink drop according to a printing signal, and ,s recorded, and the mk-jet 
recorc \^ue ofZw ing a detail breathing out an ink drop stably from a record head more. 

[Description of the Prior Art] An ink-jet recording device breathes out a minute ink drop from 
ink droD stablv was inputted on a record medium. 

SSSrtlSS ^"et^ n 6 SUCH a o M n_ tHe in, of a mi nute a ^ ^ade to br eathe 

out oeriodically or attracting ink from nozzle opening with a pump etc. is performed. 

fcOOS] sl fsuch technique, there is a problem of the grade which ink consumpt.cn increases and 

^tkln^^^ on the vofcage lower than the required driver 

vc fcage which generates an ink drop at the time of the non-regurgitat.on as technique of 
preventing a bfnding is proposed, without moreover being accompanied by ,nk consumpt,on. 
without providing a special blinding arrester by JP.57-61576.A to such a problem. 

[p?ob?em(s) to be So.ved by the Invention] However, there is a problem that —y properties of 
thl ink drop which carries out the regurgitation to the elevation sake of the v.scosity which 
originates in vaporization of the volatile component in the ink near the nozzle opening as a 
phenomena just before starting a blinding become unstable. Although especially this 
phenomenon hardly became the problem in the ink which uses as water the pnncpal component 
o^heTnk solvent currently conventionally used abundantly The color m.xture. prevent.cn of a 



5551] The place which this invention is made in view of such a problem, and is made intc .the 
purpos is proposing the ink-jet record technique it be.ng stab, hzed and an ink ^p sb ,ng made 
to breathe out without causing th increas in the consumpt.on of the ink by the empty 
Te^Z etZ even if it us s the r markab.e ink of the viscosity elevation by vaponzat.on of 



the volatile component in ink. 
[0009] 
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[M ans for Solving the Problem] In order to solve such a problem, it sets to this .nvent.on. In the 
nkit record technique which records by being on demand by driving a p.ezoe ectnc transducer 
using the Ink with the remarkable viscosity elevation by vaporization of a volat.le component It 
has ?he P ocess which breathes out and twists an ink drop from nozzle open.ng at the t.me of 
the non-regurgitation, and drives the aforementioned piezoelectric transducer to a grade and 
the orocesfwhich evacuates a r cord head from a printing area and makes the mk near the 
nozz'e op ning of the pressure occurrence interior of a room breathe out after carry.ng out fixed 
time progress from a regurgitation signal end. Since the v.scos.ty of the mk near the ™^ 
opening rises by vaporization of the volatile component in the .nk from nozzle open.ng, afchough 
the difference of big viscosity arises between the ink of a pressure occurrence room and ,t 
becomes easy to start the poor regurgitation at the time of the n^JMrjptrton. rf fine 
vibration is made to act, elevation of the viscosity of nozzle openmg w.ll be eased by the st.rr.ng 
eff ct and the regurgitation will become stable. . 
Sn O] Moreover ^ regurgitation is not performed for a long time, but new .nk ,s poured .nto 
nozzle opening or a pressure occurrence room by the regurgitat.cn of .nk at the stage when 
delation of viscosity attains to even the ink of a pressure occurrence room, and the v.scos.ty of 
ink is lowered. 

[Embodiments of the Invention] Then, based on the example illustrating the detail of this 

*o^^ of a property with the ink ("ink example" in drawing) which 
uses IrawingJ. for the ink-jet formula recording device to which th.s .nvent.cn .s , apphed. and 
cTnvel^ink ("example of an ink comparison" in drawing). esoeciaNy the re.at.on between 
vaporization of an ink solvent, and the viscosity of ink - .t .s -- a quadrature ax.s - the rate of 
vaporization - moreover, an axis of ordinate expresses the R/C of viscos.ty 

[001 3] The rate here of vaporization points but the rate of the amount of the vo at.le oom^nent 
to the early amount of ink which evaporated, and the R/C of viscosrty po.nts out the rate of the 
increment of the viscosity to early ink viscosity. , 
[0014] The conventional ink shown as an example of an ink companson has many 
th water used as the main solvent, and its elevation of the v.scos.ty by vapor.zat.on of a volatile 
component is sma... therefore its R/C of viscosity when the rate of ^"^""■^J^* 
is also as low as less than 10%. In such ink. the poor regurg.tat.on by vapor. zat, on of the volat.le 
component in ink seldom happens, even if the status that fine v.brafon ,. not made to act on the 
meniscus of nozzle opening continues several some dozens of seconds - m.nutes. the 
Station of a subsequent ink drop is stab.e. and it does not cause ^^^J^ 1 ^ 
[0015] On the other hand, if this invention is in ink m wh.ch the v.scos.ty R/C of mk also 
exceeds 20% when the target rate of vaporization becomes 20%, even m the ,nk regurg.tat.on 
even having been interrupted several seconds to about 10 seconds, the regurg.tat.on of an .nk 

t^^^S^ to the technique for elevation of the viscosity to vaporization of 

[001 h 7? ^T^Srot^e of the ink-Jet record head applied to the ink-Jet 
record technique of this invention. The ** ink nature enveloping layer I „ g.ven, and the 
pressure occurrence room 6 is formed by the nozzle plate 3 in wh.ch the "oz^e open-ng 2 » 
drilled, the spacer member 4. and the diaphragm 5. Ink is suppled from the ,nk feed hopper 7 of 
*• end of this pressure occurrence room 6, and a diaphragm 5 .s pressed by expans.on and 
contract^ of a piezoelectric transducer 8. and it is constituted so that an .nk drop may be 

made to breathe out from the nozzle opening 2 ****** anrl a series of 

[0018] Drawin g 3 is drawing expanding and showmg nozzle open.ng 2 ******, and a ser.es ot 
mode when performing fine vibration is shown. 

Toolg] Movement of meniscus M when drawing 3 (b) and (c) make a p.ezoe. ctnc ^s6^B 
drive again the status immediately after printing nds draw.ng.3 (a) w.th a fine osc.llat.ng s.gnal .s 

SSo] If the status of drawing 3 (b) and the drawing 3 (c) is repeated by turns, an alternating 
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current of the ink of the nozzle opening 2 and the pressure occurrence room 6 i will be promoted, 
the difference of the viscosity between the ink near the nozzle open.ng and the ink ot the 
P rLsulroccu rr ence room 6 will be suppressed, and th conditions which make an .nk drop 
breathe out stably will be maintained. 

[0021] And when it goes up until the viscosity of about two nozzle open.ng and the pressure 
oTcurrence room 6 started the poor regurgitation also by such fine vibrafon, a refreshment 
operation is performed in order to discharge the ink 12 of nozzle °Pen.ng^ 
[0022] Drawing 4 expresses the sequence of the regurgitat.cn s.gnal 9 which carr.es out the 
egurgitaiioTofThe ink drop for dot formation, and the fine oscillating s.gnal 10 and the 
refreshment signal 1 1 which makes the ink drop for a refreshment operat.on breathe out further, 
the axis of ordinate expresses the voltage and the quadrature axis expresses time^ 
So23] Drawing 5 is explanatory drawing showing an operation of the ink-jet recording device by 
the signal inking 4 . After the regurgitation signal 9 for the ink drop regurg.tat.onwhu^h forms 
a dotScompieled: the fine oscillating signal 10 for fine-vibrating meniscus M occurs, and a 
timer (a fine oscillating timer is called below) works simultaneously with it 
KSi I When the regulation signal of the ink drop for the following pr.nt.ng ,s not .massed 
even to the grade from which the viscosity of the pressure occurrence room near the nozzle 
o P ning starts the poor regurgitation after that within a time [ with viscosity shorter than the 
tim TO required for going up ]. in order to discharge the ink wh.ch earned out v.scos.ty 
elevation, the refreshment signal 1 1 outputs. ^ rn , ina 
[0025] Since it is more desirable than the voltage of the regurg.tat.on s.gnal 9 . for pa rfornimg 
usual record somewhat to set up more highly in order to carry out the W^Z^J^uo 
which carried out viscosity elevation, the voltage of this refreshment s.gnal 11 » h.ghly set up 

10% in this example. ; r ^ 11+c +h*» fin** 

[0026] Moreover, when the regurgitation signal 9 or the ^^^"'^ 
oscillating signal 10. it is ended, and a fine oscillating t.mer .. reset s,multaneou ^ n B y/ t ^; e T C 0 °i s d 
h ad. a modality, an operating environment of ink to use, since .t « various, a setup of time TO is 
doubl d with the status, and it is performed suitably. wn iainaH h^low 

[0027] The detail of the sequence of the record technique of this invention » e ** ame * b ^™ an 
[0028] This sequence doubles fine vibration and a refreshment operat.on of men.scus M with an 
operation of carriage, and is performed. ^- nr A medium 

[0029] That is. fine vibration is performed whenever it records one line to a record medium^ 

0030 Drawing is drawing showing typically a viscosity distribution of the ink near at the f me 
of maki^g"fme^ibration act ] the nozzle opening, drawing 6 (a) has few flow rates of ink while 

r c'rdinf one Nne, or the status when the regurgitation is not performed at all ,. shown, and the 
viscositv of the ink 12 near the nozzle opening is rising. 

[0031] The ink 12 with the viscosity high when the fine oscillating signal 10 ,s given inth.s st atus 
and a meniscus is fine-vibrated which exists intensively near the nozzle 

pressure occurrence room 6 side. (b). Subsequently, since the process of (c) by wh.ch the ink 

the low viscosity which exists near the nozzle o^of^e ^^^^^ 6 ,s 
extruded at a nozzle opening side is repeated two or more times, the viscosity o the ink^ 2 
which exists in the nozzle opening 2 falls on the average, and the regurgitation of (d) ink ** is 

[OOS^And after recording the number of predetermined lines, with respect to the existence , of 
the regurgitation of an ink drop, give the refreshment signal 1 1 as a printer that there is noth.ng 
he SSn which the viscosity of the nozzle opening 2 rose is made to discha^ anc the ink with 
the low viscosity of the pressure occurrence room 6 ,s moved to the nozzle open.ng 2 
[0033] Since it is various, before the period of this refreshment operation starts the poor 
regurgitation by the record head, a modality, an operating environment of ,nk to use based on an 
actual evaluation result, it is desirable to perform a refreshment operat.on. 

[Example] Th concrete example and the example of a comparison of the ink-jet record 
technique of this invention are shown below. As an ink-jet record.ng device \™^™ o * 
examined by using the head of the method using the piezoelectnc transducer illustrated to 32 
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micrometers of the diameters of nozzle opening, and the g__3wing_l , and setting up fine vibration 
and a refreshment operation variously, the ink for evaluation — carrying out — that from wh.ch 
the viscosity R/C of ink in case the rate of vaporization is 20% becomes 35% was used 

[0035] (Example 1) . . . 

** On 1 7% of the voltage of the setting usual regurgitation voltag of a fine osc.llat.ng s.gnal, tn 
frequency pr supposed that it is the same as that of a regurgitation signal. 
[0036] ** After carrying out the regurgitation from 20 of the setting ink of a refreshment 
operation, time not to perform the regurgitation in the state of nozzle opening was changed only 
by fine vibration, coming to start the poor regurgitation checked time and the length of the tine 
oscillating time TO was set up based on this. In this evaluation, it was TO- 1 00 seconds. In 
addition, the number required to have taken out the ink of the pressure occurrence interior of a 
room near the nozzle opening which carried out viscosity elevation of from regurg.tat.on was 
from 10. 

[0037] (Example 1 of a comparison) . . 

** On 0% of the voltage of the setting usual regurgitation voltage of a fine osc.llat.ng signal, the 
fr quency was the same as that of a regurgitation signal, and was performed (that is. fine 
vibration is the same as that of the status of OFF). 

[0038] ** After carrying out the regurgitation from 20 of the setting .nk of a refreshment 
operation, time not to perform the regurgitation in the state of nozzle opening was changed, tame 
until it starts the poor regurgitation was checked, and fine oscillating time TO was set up. In this 
evaluation, it was T0= 5 seconds. In addition, the, number required to have taken out the ink of 
the pressure occurrence interior of a room near the nozzle opening which earned out viscosity 
elevation of from regurgitation was from 10. .„h«« 
[0039] When the poor regurgitation -is beginning to have occurred gradually from the hit where 
non-regurgitation time exceeded 100 seconds when recording only by fine v.brat.on and it 
recorded the image data with much amount of information etc., it was m the m.ddle of record, 
and the nozzle which starts the poor regurgitation came out. 

[0040] Moreover, the ink consumption used for the operating time of the recording dev.ee at the 
time of printing the same picture image pattern by the example 1 and the example 1 of a 
comparison and refreshment is shown in Table 1. The rate at the time of be.ng based on an 
example 1 shows each value. 
[0041] 
[Table 1] 



5» 



20 



[0042] (Example 2) r c , . 

** On 17% of the voltage of the setting usual regurgitation voltage of a fine osc.llat.ng s.gnal. the 
fr quency presupposed that it is the same as that of a regurgitation signal. 

[0043] One line is printed after carrying out the regurgitation from 20 of the ink drop. Whenever 
it sets up specific nozzle opening which does not carry out the regurgitation and it records one 
line each in it, a fine oscillating signal is given to all nozzles and fine vibration is made to perform. 
The number of fine oscillating signals was set to 500. 

[0044] ** By setup of setting ** of a refreshment operation, in order for the nozzle which was 
not performing the regurgitation to perform the following regurgitation normally check every how 
many lines a refreshment operation is needed, and set up the number of l.nes. In this evaluation, 
th refreshment signal was given every 20 lines. 

[0045] (Example 3) , r ... . . . . 

** On 17% of the voltage of the setting usual regurgitation voltage of a fine osc.llat.ng s.gnal. the 
fr quency pr supposed that it is the same as that of a regurgitation signal. 
[0046] One line is print d after carrying out the regurgitation from 20 of the ink drop. Fine 
vibration is p rformed. whenever it sets up specific nozzle opening which does not carry out the 
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regurgitation and it records one line each in it. Th number of fin oscillating signals was set to 

[0047] ** By setup of setting ** of a refreshment operation, in order for the nozzle which was 
not performing the regurgitation to perform the following regurgitation normally, it checked every 
how many lines a refreshment operation would be ne ded. and the number of lines was set up. In 
this evaluation, it was made to perform a refreshment operation every 50 lines. 
[0048] (Example 2 of a comparison) .... * r 

** Print one line after carrying out the regurgitation from 20 of the setting ink drop of a fine 
oscillating signal. Specific nozzle opening which does not carry out the regurgitation in it was set 
up and a fine oscillating signal was not given to this. 

[0049] ** Since it was five lines when it checked every how many lines a refreshment operation 
would be needed, in order for the nozzle which was not performing the regurgitation to perform 
the following regurgitation normally by setup of setting ** of a refreshment operation, this was 
made into the refreshment period. ,. . .' ... rtf 

[0050] The ink consumption used for the operating time of the recording device at the time of 
printing the same picture image pattern by the examples 2-3 and the example 2 of a comparison 
and refreshment is shown in Table 2. The rate at the time of being based on an example 2 shows 
each value. 
[0051] 
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[0052] The term, i.e., the number of continuity printing lines, until it needs a refreshment 
operation from an example 2 and the example 3 so that the number of fine oscillating signals 
increases increased. In addition, in order that a refreshment operation might decrease, the 
consumption of ink also decreased. Although real printing time becomes long by the number of 
fine oscillating signals increasing, since the rate of the time required for a refreshment operation 
deer ases. big influence does not give the printing speed as whole. 

[0053] According to these examples, even if it printed what picture image pattern, i.e.. the 
pattern with which a bias occurs in nozzle opening which carries out the regurgitation of the ink 
drop, the viscosity of the ink of all nozzle openings was maintainable in the status in wh.ch the 
regurgitation of an ink drop is possible. 

[0054] . . - , 

[Effect of the Invention] Even if it prints a pattern which moreover uses only a part of nozzle 
op ning using the ink with the remarkable viscosity R/C of the ink by vaporization of the volatile 
component in ink according to this invention, the consumption of the ink and the quiescent time 
by refreshment operation can be suppressed as much as possible, it can always be stabilized 
from all nozzle openings, and an ink drop can be made to breathe out, as stated above. 



[Translation done.] 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by comput r. So the translation may not reflect the origina 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawin g 1] It is drawing showing the viscosity ascent curve of the ink by vaporization. 
[Drawing 2] It is the cross section showing one example of an ink-jet record head. 
[Drawing 3] It is explanatory drawing showing a series of mode when performing fine vibration i 
the ink-jet record technique of this invention. 

[Drawing 4] It is drawing showing the sequence of the regurgitation signal in the ink-jet record 
t chnique of this invention, and a fine oscillating signal. 

[Drawing 5] It is explanatory drawing of an operation of an ink-jet recording device in this 
invention. 

[Drawing 6] (a) **** (d) is drawing showing change of the concentration of the ink of nozzle 
opening typically, respectively. 
[Description of Notations] 

1 ** Ink Nature Enveloping Layer 

2 Nozzle Opening 

3 Nozzle Plate 

4 Spacer Member 

5 Diaphragm 

6 Pressure Occurrence Room 

7 Ink Feed Hopper 

8 Piezoelectric Transducer 

9 Regurgitation Signal 

10 Fine Oscillating Signal 

1 1 R freshment Signal 

12 Ink Layer in which Viscosity Rose 

13 Ink Layer in which Viscosity was Equalized by Fine Vibration 



[Translation done.] 
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DRAWINGS 




[Drawing 2] 




[Drawing 3] 
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[Drawing 6] 
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(a) 



(b) 



(c) 



(d) 




[Drawing 5] 
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[i*gi£fi?&T ^/c«?)©#©] c©«fc 5 ocnn^MHH-r 
ifc»Jc*«W{c*j(,>rtt. «»ss»©3!S«{c«tattis 
±^* 5 « U w > ^ ««c»rjE WSMfriWHrr 2> c t 
CC J: »5 * > -r v > K T?i8»*tf IB$i^ 
Stcfcur. ^tttBB^K/x^ggp^^-o^^nim 

K*iiiB3-tt. ^X;upipa«*jJ:iyfflE*aiart©^ 

BBPSM»©^>^©ttJt*i±sr*fe». BEAHBSSS© 
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K+Kfi L/ fc/ctt -e h . -i > * «S©tfctH# s; F£5££ % & . 
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